INTRODUCTION
Periampullary diverticulum (PAD) is the second most common site of intestinal diverticulum formation after the colon, and it is usually an acquired lesion. 1 PAD consists of pouches of mucosa, submucosa and muscularis mucosa that extend through the intestinal serosa, often within a radius of 3 cm from the ampulla of Vater. 2 The incidence of PAD has been reported to be between 10% and 20% in the literature, depending on the type of study. [3] [4] [5] The vast majority of patients with PAD are asymptomatic and are found incidentally. Previous studies have concluded that a diameter of either 1.5 or 2.0 cm should be used to classify small and large PAD. 2, 6 PAD originates at weak areas in the duodenal wall, which include perivascular connective tissue sheath pathways and the entrances of the common bile duct (CBD) and pancreatic duct. 7 It has been previously shown that increasing age leads to increase in prevalence of PAD. 8 Although a large majority of PAD are asymptomatic, association with various pancreaticobiliary complications is established in the current literature, including increased incidence of choledocolithiasis and pancreatitis. 9, 10 This is generally thought to be a consequence of both mechanical compression of the distal CBD as well as dysfunction of the sphincter of Oddi. 9 Thus, radiologists are more permissive of dilated CBD in the presence of PAD when reporting. However, this dogma remains controversial owing to the confounding effects of age on the incidence of both PAD and bile stone pathogenesis, which is subsequently associated with higher rates of biliary obstruction, pancreatitis and therapeutic cholecystectomy.
To our knowledge, no study exists to date attempting to evaluate the effect of PAD on CBD diameter matched for age. In our current study, we investigate the effect of PAD on biliary duct calibre at multiple sites along the intrahepatic and extrahepatic biliary tract, as well as any relation to various clinical and biochemical markers of hepatobiliary dysfunction.
METHODS AND MATERIALS
This study was approved by the research ethics board at the University Health Network/Mount Sinai Hospital, Toronto, Canada. PAD was defined as any duodenal diverticulum within 1 cm from the ampulla of Vater. Patients with PAD were retrospectively identified from the radiology information system database from November 2011 to November 2012. The keywords "duodenal diverticulum" were used to identify patients who may have duodenal diverticulum from the radiology reports. Subsequently, CT images were reviewed to select only those with PAD as defined above. A total of 150 consecutive patients with PAD during this time period were included in the study. A control group of 150 patients with no PAD was selected from 1 November 2012 onwards-50 consecutive patients were selected from 3 hospital sites at the University Health Network (Toronto General Hospital, Toronto Western Hospital and Princess Margaret Hospital in Toronto, ON) for a total of 150 patients. The number of control groups was based on power calculations using average bile duct size and standard deviation of approximately 5 6 2 mm based on findings of multiple prior studies examining average CBD size as assessed on CT to detect an average difference in bile duct diameter of 1 mm. 11 To achieve a p , 0.05 and desired power of 0.90, average sample size required was 85 individuals. This value was approximately doubled to establish study and control group sizes.
Patients from both the PAD study group and control groups were excluded if there was a known history of hepatobiliary or pancreatic neoplasia, primary sclerosing cholangitis, recurrent pyogenic cholangitis, biliary stricture or complicated acute or chronic pancreatitis, on the basis of the CT indication, CT findings or electronic medical records. If the patient had a history of cholecystectomy or uncomplicated cholelithiasis in either the PAD study group or the control group, they were included in the study. This was to determine the secondary outcome of whether PAD predisposes patients to cholelithiasis. We did not exclude patients with prior cholecystectomy because it is an indirect indicator of prior stones. In order to match the age, patients from the PAD group were divided into decade-long age cohorts (e.g. 50-60 year olds, 60-70 year olds) and equal number for each cohort were selected from consecutive cases at each site.
CT measurements were made on axial or coronal images, depending on which plane lay most parallel to the segment of duct be assessed. Measurements were then obtained by taking the short axis measurement of the duct in this plane. Measurements were made by three readers (one abdominal staff radiologist, one abdominal imaging fellow and one third-year radiology resident) and reached a consensus. Given the presence of PAD within the region of measurements, readers were not blinded. Measurements were made as follows: (1) 2 cm proximal ("upstream") to the ampulla, (2) at the pancreatic head, (3) 2 cm distal ("downstream") to the confluence of the right and left hepatic ducts and (4) 1 cm proximal ("upstream") to the confluence of the right and left hepatic ducts. Toshiba 64 slice multidetector CT scanners were used in the study. Both study and control comprised of various protocols, which include unenhanced, portal venous phase and multiphasic scans with either oral (positive) contrast or water (negative) in 1-to 5-mm slice thickness in each plane.
Data including age, gender, PAD size, PAD distance from CBD, PAD location, ductal diameter (proximal to the ampulla and pancreatic head, and distal to confluence), intrahepatic biliary duct diameter, history of cholecystectomy, the presence of gallstones and liver function tests [aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and total bilirubin] were recorded. The specific locations of the ductal diameter measurements are illustrated in Figure 1 .
Descriptive statistics were reported as means and standard deviations for continuous variables and as a number and percentage for discrete variables. x 2 test or Fisher exact test, where appropriate, was conducted to compare discrete variables between groups. Student's t-test was conducted for continuous variables, such as CBD diameter. Statistical analysis was carried out using SPSS® software v. 20 (SPSS Inc., Chicago, IL) to compare PAD and the effect on CBD. Statistical significance was defined as p , 0.05 (Figures 2 and 3 ).
RESULTS
Out of 150 patients with PAD, 68 (45%) were males and 82 (55%) were females, and the average age was 71 years (range 32-93 years). The average ductal diameter proximal to the ampulla, the pancreatic head and distal to confluence was 4.8, 6.9 and 6.8 mm, respectively. The average diameter of the right and left intrahepatic biliary ducts was both at 2.7 mm, and the average PAD size was 2.0 cm (range 0.5-6.7 cm). Approximately, 67% of PADs were located proximal to the ampulla of Vater and 33% located distally. 34 patients (23%) had a history of cholecystectomy and 22% had gallstones present on imaging. AST, ALT, ALP and total bilirubin were all within normal limits ( Table 1) .
The control group consisted of 74 males (49%) and 76 females (51%) and the average age was 69 years (range 34-93 years). The average ductal diameter proximal to the ampulla, the pancreatic head and distal to confluence was 4.7, 6.8 and 6.4 mm, respectively (p 5 0.5, 0.7 and 0.3). The average intrahepatic biliary duct diameter was 2.5 mm for the right and 2.6 mm for the left. Cholecystectomy history was present in 13 cases (9%), and 16 patients had gallstones visible on imaging (11%). The liver function tests (AST, ALT, ALP and total bilirubin) were all within normal limits.
Owing to the control group being matched for age, there was no statistical difference with respect to age between the PAD and control groups (p 5 0.2). Similarly, no difference in gender was observed (p 5 0.5). The bile duct at the three different locations (proximal to the ampulla, pancreatic head and distal to confluence) demonstrated no significant difference between the two groups (p 5 0.5, 0.7 and 0.3, respectively). In addition, the right and left intrahepatic ducts were not statistically different between the PAD and control groups (p 5 0.2 and 0.6, respectively). More patients in the PAD group had a history of cholecystectomy than the control group (p , 0.01). In addition, more patients had gallstones on imaging in the PAD group (p , 0.01). The liver function tests (AST, ALT, ALP and total bilirubin) were similar between both the groups (p 5 0.4 0.5, 0.06 and 0.8, respectively, Table 1 ).
A subgroup analysis was performed in the PAD group with PAD ,20 mm and PAD $20 mm. Patients in the large PAD group were older than patients in the small PAD group (76 years vs 68 years, p , 0.01). In addition, there was no difference in the ductal diameter at the three locations such as the proximal ampulla, the pancreatic head and distal to confluence (p 5 0.9, 0.2 and 0.5, respectively). Similarly, there was no difference in the right and left intrahepatic biliary ducts (p 5 0.5 and 0.9). No differences were observed with respect to prevalence of cholecystectomy (p 5 0.6) nor gallstones (p 5 0.5). Total bilirubin was significantly higher in the large PAD group at 12.3 mmol l 21 than 9.0 mmol l 21 in the small PAD group (p 5 0.04). However, both levels were within normal limits. There was no difference in AST, ALT and ALP levels (p 5 0.7, 0.2 and 0.1, respectively) ( Table 2 ).
Out of the 300 patients involved in the study, they were also subdivided into cholecystectomy and non-cholecystectomy groups. In the PAD group, 34 patients (23%) had a history of cholecystectomy (Table 3 ). There were more males in the cholecystectomy group than in the non-cholecystectomy group, and there was no difference with respect to age. The cholecystectomy group had significantly higher CBD diameter at the proximal ampulla, the pancreatic head and distal to confluence (p , 0.01) as well as the left and right intrahepatic biliary ducts (p , 0.01). The CBD diameter at the proximal ampulla, the pancreatic head and distal to confluence was 4.4, 6.4 and 6.2 mm, respectively, in the noncholecystectomy group and 6.3, 8.7 and 8.9 mm for the cholecystectomy group. The right and left intrahepatic biliary ducts were 2.3 and 2.3 mm, respectively, for the non-cholecystectomy group and the cholecystectomy group had 4.2 and 4.0 mm. In addition, ALT was higher in the cholecystectomy group than in the noncholecystectomy group (p 5 0.03); however, they were both within normal limits. No difference was observed in the AST, ALP and total bilirubin levels (p 5 0.08, 0.2, 0.4).
In the control group, there were 13 patients (9%) with a history of cholecystectomy (Table 4 ). There was no difference with respect to gender and age. Similar to the PAD group, the cholecystectomy group had significantly higher CBD diameter at the proximal ampulla, the pancreatic head and distal to confluence (p , 0.01) as well as the left and right intrahepatic biliary ducts (p , 0.01). The CBD diameter at the proximal ampulla, the pancreatic head and distal to confluence was 4.4, 6.5 and 6.1 mm, respectively, in the non-cholecystectomy group and 7.3, 9.4 and 10.1 mm for the cholecystectomy group. The right and left intrahepatic biliary ducts were 2.4 and 2.5 mm, respectively, for the non-cholecystectomy group and the cholecystectomy group had 4.1 and 4.2 mm. In addition, AST and ALT were higher in the cholecystectomy group (p , 0.01) and were higher than normal limits. Similar to the PAD group, no difference was observed between ALP and total bilirubin levels between the cholecystectomy and non-cholecystectomy groups.
DISCUSSION
By contrast to the commonly held conception that CBD diameter increases in the presence of PAD, our study, which to date is the only radiological study on this topic, demonstrates that the above-mentioned conception is not true. Our study shows that the biliary diameter in the absence of cholecystectomy is not affected or to be precise is not increased in the presence of PAD. Similar to some previous studies, our study is suggestive of a higher incidence of both cholelithiasis and cholecystectomy in the PAD group. However, there was no statistical difference with respect to the liver function tests (AST, ALT, ALP, total bilirubin).
There are two leading theories that explain the pancreatobiliary disease associated with PAD. First, the presence of PAD may cause a mass effect and could cause mechanical obstruction of the sphincter of Oddi. 12 Thus, there would be slowed biliary ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBD, common bile duct.
BJR JJ Lee et al excretion from PAD mass effect, leading to CBD dilatation as well as increased cholelithiasis. Alternatively, the other theory involves bacterial overgrowth in the diverticulum, which may lead to ascending infection to the biliary duct system. Skar et al 13 have demonstrated that higher levels of b-glucuronidase are found in patients with PAD than in control groups. The increased level of b-glucuronidase allows for the formation of free bilirubin, which can subsequently bind to calcium and form bilirubin stones. This is a more plausible explanation of the pathophysiology behind PAD as it explains both increased levels of cholelithiasis without significant change in the CBD diameter.
Chen et al 12 and Lotveit et al 14 suggested that there may be an increase in the CBD in the presence of PAD. However, the CBD measurements were not the focus of the study and no other studies investigating this relationship have been conclusive. Kennedy and Thompson 15 compared 25 patients with and without PAD and reported an increasing trend of mean CBD diameter in patients with PAD, but not statistically significant. Lotveit et al 12 compared a total of eight patients with PAD with eight controls, which revealed a possible increase in CBD in the PAD group, but statistical analysis was not performed. In addition, Chen et al 12 reported that the incidence of PAD was higher in patients with CBD dilatation (27/110 patients) than those who did not have CBD dilatation (5/54 patients), with reported statistical significance p , 0.05. However, only a small number of patients in this series (27 patients) had PAD and age was not adjusted in the control group. The most recent study by Kim et al 16 has suggested that there is an association between large PAD and dilated CBD based on a total of 74 cases. Similar to the previous studies, age was not matched in the control group. It is well established that incidence of both diverticula and bile duct diameter rises with increasing age and thus the results of prior studies, which have failed to control for this confounding variable are ambiguous. Alternatively, our study is the first and the largest (n 5 150 for the study group and control) to demonstrate that no significant difference in ductal diameter at multiple sites with an age-and gender-matched control groups exists. 20 demonstrated that large PAD may play a role in the formation of cholelithiasis in a total of 83 patients with PAD. We report that cholelithiasis occurrence is significantly higher in the PAD group than in the control group. In addition, more patients in the PAD group had a history of cholecystectomy, which may indicate that these patients may have had higher incidence of cholelithiasis in the past.
The obvious limitations of the study are the single-centre analysis and retrospective nature of the analysis. In radiology reports, not all PADs are mentioned, thus, patients with PAD may have been missed during recruitment. Also, the assessment of stones was based solely on CT findings and from ultrasound reports and not all patients had ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBD, common bile duct.
